Introduction
============

Diabetes is the most frequent cause of end-stage renal disease (ESRD), which is defined by a glomerular filtration rate (GFR) \<15 mL/min/1.73 m^2^) ([@B1]). In ESRD, dialysis or a kidney transplant is required for the patient\'s survival. Therefore, the maintenance of appropriate glycemic control \[HbA1c \<7.0% NGSP (52 mmol/mol IFCC)\] is highly recommended in order to prevent the development of ESRD in diabetes patients ([@B2]). Furthermore, it is widely accepted that a multidisciplinary approach targeting hypertension, dyslipidemia, and diabetes is beneficial for the prevention of ESRD in patients with diabetes and macroalbuminuria ([@B2]).

It was recently shown that the new anti-diabetic drugs the sodium glucose transporter 2 inhibitors (SGLT2is), including empagliflozin, canagliflozin and dapaglifrozin, as well as the glucagon-like peptide-1 receptor agonists (GLP-1RAs) liraglutide, semaglutide and dulaglutide not only suppress cardiovascular (CV) events but also prevent the development of ESRD ([@B3]-[@B8]). The clinical benefits of SGLT2i/GLP-1 RA combination therapy on the renal function have therefore been receiving much attention lately ([@B9], [@B10]), although the effects remain to be evaluated in well-controlled clinical trials.

A progressive GFR decline precedes ESRD and has recently been established as the predominant clinical feature of diabetic kidney disease ([@B11], [@B12]). Because renal decline is linear in many patients, the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines define rapid progression as a rate of eGFR decline \>5 mL/min/year ([@B1]). Thus, the definition of a rapid renal function decline is widely regarded as a decrease in the estimated GFR (eGFR), either in terms of the absolute rate of loss or percent change. While the SGLT2is empagliflozin, canagliflozin and dapagliflozin and the GLP-1RAs liraglutide, semaglutide and dulaglutide have been shown to prevent the development of ESRD, whether or not these drugs as monotherapy or in combination actually delay the rapid decline in the eGFR among patients with diabetes and macroalbuminuria is largely unknown.

Case Report
===========

A 71-year-old man with type 2 diabetes (T2D) and arteriosclerosis obliterans (ASO) had been diagnosed with T2D at an annual medical checkup at 54 years old, after which he commenced oral medication and then insulin therapy (total 30 units/day), although his HbA1c levels remained \>8.0% (IFCC, 63 mmol/mol IFCC). When he was referred to our hospital at 64 years old, he had an elevated HbA1c (NGSP, 8.0% and IFCC, 63 mmol/mol) and macroalbuminuria \[urinary albumin to creatinine ratio (UACR) 415 mg/gCre\] ([Fig. 1](#g001){ref-type="fig"}).

![Clinical course of this case. The upper panel indicates the estimated glomerular filtration rate (eGFR, closed square) and urinary albumin creatinine ratio (UACR, open square). The middle panel indicates glycated hemoglobin A1c (HbA1c, open triangle) and body weight (body weight, closed triangle). The lower panel indicates the systolic blood pressure (sBP, open circle), diastolic blood pressure (dBP, closed circle), and non-HDL cholesterol (non-HDL-c, cross). The patient received percutaneous transluminal angioplasty (PTA) for arteriosclerosis obliterans (ASO) in August of year X, which likely decreased the eGFR. The patient received gastrectomy in May of year X+2 for his gastric cancer, which might have contributed to the body weight reduction. Alo: alogliptin, Empa: empagliflozin, Lira: liraglutide, Pio: pioglitazone, Tofo: tofoglifrozin, Vilda: vildagliptin](1349-7235-59-1535-g001){#g001}

He started 500 mg of metformin once daily with dipeptidyl peptidase-4 inhibitors (DPP4is) (25 mg of alogliptin once daily later switched to 50 mg of vildagliptin twice daily) or 15 mg pioglitazone once daily; his glycemia was relatively well-controlled \[HbA1c 6.0-8.0% (IFCC, 41-63 mmol/mol)\], but his eGFR started declining from year X-2 at a rate of 10.2 mL/min/1.73 m^2^ per year ([Fig. 1](#g001){ref-type="fig"}). Along with the rapid decline in his eGFR, his UACR remained high (\>500 mg/gCre). Importantly, he showed no signs of neuropathy or retinopathy despite of the presence of the severe ASO.

In May of year X, he started receiving SGLT2is (10 mg of empagliflozin once daily later switched to 20 mg of tofogliflozin) instead of pioglitazone to prevent a further decline in his eGFR. The change in the eGFR in the first month after SGLT2i initiation was -48.0 mL/min/1.73 m^2^/year, which was much higher than that of the eGFR from June of year X-2 to September of year X-1 (-10.2 mL/min/1.73 m^2^/year) (Period 1, 15 months) when he had been receiving DPP-4i and metformin. The change in the eGFR, along with decreases in his systolic blood pressure (sBP) and diastolic blood pressure (dBP), suggested amelioration of his glomerular hyperfiltration upon initiation of SGLT2i.

In August of year X, percutaneous transluminal angioplasty (PTA) for ASO and a renal biopsy were performed. Hematoxylin and Eosin, periodic acid-Schiff (PAS), Masson\' trichrome, and periodic acid methenamine silver staining as well as immunofluorescence staining for light microscopy were performed on his biopsied samples. Of the 39 glomeruli examined, 13 were globally sclerotic. The remaining 26 showed diffuse increases in the amount of mesangial matrix and the number of mesangial cells, with some small mesangial nodules, hyaline vascular sclerosis, and a fibrin cap. In addition, interstitial fibrosis, interstitial edema, tubular atrophy, tubulointerstitial cell infiltration, and arteriolar hyalinosis and atherosclerosis were noted. These findings were compatible with a diagnosis of diabetic nephropathy and glomerulosclerosis ([Fig. 2](#g002){ref-type="fig"}). Membranous nephropathy was ruled out by the results of immunofluorescent staining (IgG^-^, IgA^-^, IgM^+/-^, C3^-^, C4^-^ and C1q^-^).

![(A) Photograph of periodic acid-Schiffs (PAS) staining showing severe diffuse and global glomerulosclerosis of the remaining glomeruli and fibrin cap, glomerular solidification, and arteriolar hyalinosis and atherosclerosis, which is consistent with diabetic nephropathy. (B) Photograph of Masson's trichrome staining showing interstitial fibrosis, tubular atrophy, and tubulointerstitial cell infiltration. Scale bar=250 μm.](1349-7235-59-1535-g002){#g002}

His eGFR declined substantially, likely due to the use of a contrast agent for endovascular treatment for his ASO in September of year X. However, the decline in the eGFR was blunted, and the UACR improved upon the initiation of SGLT2i (10 mg of empagliflozine or 20 mg of tofogliflozine)/GLP-1RA (0.9 mg of liraglutide) combination therapy in addition to an angiotensin II receptor antagonist (ARB) (100 mg irbesartan), statin (pitavastatin 2 mg once daily), and anti-platelet agent (cilostazol 100 mg twice daily) ([Fig. 1](#g001){ref-type="fig"}). The decline in the eGFR during Period 1 was -10.2 mL/min/1.73 m^2^/year, while that from October of year X to May of year X+2 (Period 2, 19 months) was +4.4 mL/min/1.73 m^2^/year. The mean values of sBP \[135.0±9.1 mmHg (Period 1) and 126.5±11.7 mmHg (Period 2), p=0.173\], dBP \[67.6±9.2 mmHg (Period 1) and 65.4±10.2 mmHg (Period 2), p=0.788\], and HbA1c \[7.15%±0.23% (Period 1) and 7.26%±0.33% (Period 2), p=0.376\] were similar between the 2 periods, suggesting the glucose- and blood pressure-independent renoprotective effects of the combination therapy.

Despite gastrectomy for early-stage gastric cancer at 73 years old, the patient\'s renal function remained unchanged ([Fig. 1](#g001){ref-type="fig"}). His body weight, height, and body mass index (BMI) in May of year X when he started SGLT2is were as follows: 54.5 kg, 148 cm, and 24.9 kg/m^2^, respectively. Changes in his bodyweight in addition to other clinical parameters, such as HbA1c, sBP, and dBP, are indicated in [Fig. 1](#g001){ref-type="fig"}.

Discussion
==========

The current case showed a rapid decline in the renal function due to diabetic nephropathy as revealed by a renal biopsy and histological analysis. Importantly, SGLT2i/GLP-1RA combination therapy, along with an ARB, statin and anti-platelet agent, substantially suppressed the progression of renal impairment, consistent with recent results of cardiovascular outcome trials and relevant clinical trials using SGLT2i or GLP-1RA ([@B3]-[@B8], [@B13]).

Preclinical studies have suggested that GLP-1RAs reduce inflammation and oxidative stress, thereby preventing diabetic nephropathy and acute kidney injury ([@B14]-[@B17]). Indeed, the eGFR decline was found to be approximately 2 mL/min/1.73 m^2^ per year in T2D patients with a baseline eGFR of 30-59 mL/min/1.73 m^2^ who were treated by GLP-1RA liraglutide, while it was approximately 4 mL/min/1.73 m^2^ per year in a placebo group (estimated trial-group ratio in favor of liraglutide, 1.07; 95% confidence interval, 1.04-1.10; p \<0.001) ([@B6]). SGLT2is favorably affect body weight, BP, serum uric acid, and glomerular hyperfiltration ([@B13]). The recognized renoprotective effects of SGLT2is include the suppression of hyperplasia/hypertrophy, inflammation, and fibrosis in the proximal tubular cells, utilization of ketone bodies, restored tubuloglomerular feedback, decreased oxygen consumption, improvement in anemia, and preconditioning against ischemia/reperfusion ([@B18], [@B19]). In obese diabetic mice, ipragliflozin reduced renal cortical hypoxia and abnormal hemodynamics, resulting in protection against early diabetic nephropathy ([@B20]). Furthermore, dapagliflozin attenuates renal tubulointerstitial fibrosis by regulating signal transducer and activator of transcription (STAT)1/transforming growth factor (TGF)β1 signaling in streptozotocin (STZ)-induced type 1 diabetic mice ([@B21]). It was also clinically demonstrated that SGLT2is are particularly effective in preventing the eGFR decline in T2D patients with a baseline eGFR of 60-89 or \<60 mL/min/1.73 m^2^ compared to those with a baseline eGFR of \>90 mL/min/1.73 m^2^ ([@B13]). The eGFR decline in our patient was initially 10.2 mL/min/1.73 m^2^ per year in the most recent 2 years before the initiation of SGLT2i/GLP-1RA combination therapy, and there was almost no decline in the 2 years after the initiation of the therapy.

While magnetic resonance imaging dependent on the levels of inflammatory biomarkers such as urinary 8-hydroxydeoxyguanosin (8-OHdG) and hypoxia markers such as blood oxygen was not performed before or after the initiation of SGLT2i/GLP-1RA combination therapy, our current findings suggest that SGLT2is and GLP-1RAs cooperatively prevent the eGFR decline. Whether or not the renoprotective effects of SGLT2is and GLP-1RAs are additive should be investigated in well-controlled clinical trials.

The progression of glomerular, exudative, tubulointerstitial, and vascular lesions is known to be associated with renal death ([@B22]). Furthermore, interstitial fibrosis, tubular atrophy, and tubulointerstitial inflammation were found to be strongly associated with the renal survival ([@B22], [@B23]). In the histology of our patient, interstitial fibrosis, tubular atrophy and tubulointerstitial inflammation were observed, suggesting a poor renal prognosis. It would therefore be interesting to compare the histological changes before and after the initiation of SGLT2i/GLP-1RA combination therapy in order to better understand why the decline in the eGFR was delayed after the initiation of therapy in the current case.

Multidisciplinary treatment using glucose-lowering agents, lipid-lowering drugs, and anti-platelet agents as well as blood pressure-lowering agents, especially ARBs and angiotensin-converting-enzyme inhibitors, has been shown to be effective for preventing diabetic nephropathy ([@B24], [@B25]). In the present case, since the sBP, dBP, and HbA1c did not differ significantly after the initiation of SGLT2i and GLP-1RA, the combination therapy in addition to ARB, statin, and anti-platelet agents may contribute to the maintenance of the renal function in a glucose- and blood pressure-independent manner. It is also possible that the patient changed his lifestyle after his hospitalization for the renal biopsy, which might have helped delay the rapid decline in his eGFR.

In conclusion, we encountered a case in which SGLT2i/GLP-1RA combination therapy substantially improved renal parameters, such as the eGFR and urinary albumin. The findings in the current case suggest that SGLT2i and GLP-1RA cooperatively improve the renal function through different mechanisms.
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